Endophytic fungi are little known for their role in gibberellins (GAs) synthesis and abiotic stress resistance in crop plants. We isolated 10 endophytes from the roots of field-grown soybean and screened their culture filtrates (CF) on the GAs biosynthesis mutant rice line -Waito-C. CF bioassay showed that endophyte GMH-1B significantly promoted the growth of Waito-C compared with controls. GMH-1B was identified as Penicillium minioluteum LHL09 on the basis of ITS regions rDNA sequence homology and phylogenetic analyses. GC/MS-SIM analysis of CF of P. minioluteum revealed the presence of bioactive GA 4 and GA 7. In endophyte-soybean plant interaction, P. minioluteum association significantly promoted growth characteristics (shoot length, shoot fresh and dry biomasses, chlorophyll content, and leaf area) and nitrogen assimilation, with and without sodium chloride (NaCl)-induced salinity (70 and 140 mM) stress, as compared with control. Field-emission scanning electron microcopy showed active colonization of endophyte with host plants before and after stress treatments. In response to salinity stress, low endogenous abscisic acid and high salicylic acid accumulation in endophyte-associated plants elucidated the stress mitigation by P. minioluteum. The endophytic fungal symbiosis of P. minioluteum also increased the daidzein and genistein contents in the soybean as compared with control plants, under salt stress. Thus, P. minioluteum ameliorated the adverse effects of abiotic salinity stress and rescued soybean plant growth by influencing biosynthesis of the plant's hormones and flavonoids.
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Keywords: Penicillium minioluteum, soybean plant growth, phytohormones, salt stress, daidzein, genistein Endophytic fungi, either ascomycetes or basidiomycetes, live inside roots or tissues of the host plants without causing any disease symptoms or injury [4, 16, 33, 42] . These poorly known fungi represent a trove of unexplored biodiversity and are a frequently overlooked component of forest [5] and crop ecologies. In mutualistic mode, endophytic fungi increase plant fitness by dissuading herbivory and pathogenic attacks while also facilitating plant growth through nutrients uptake, water use efficiency, and curtailing of environmental stresses [6, 9, 38, 42, 52] . The endophytic fungi, in return, obtain access to the host plant's nutrients and dissemination to the next generation (e.g., members of Clavicipitaceous and Dikarya) [4, 24] . Endophytic fungi produce a wide array of biochemically important metabolites. Among these, endophytic fungi have been reported for synthesis of various plant hormones such as gibberellins (GAs) reported by Khan et al. [26, 27] , Khan et al. [28] , and Hamayun et al. [18, 19] . Currently, 136 GAs have been identified, and more than two dozen fungi, pathogenic and nonpathogenic, associated with plants and/or soil, have been reported as GAs producers [1, 7] .
Salinity stress prevails throughout our agriculture lands affecting crops and their productivity. With the human population expanding, food demands have been at a sturdy rate and therefore, minimizing such stresses would be an urgent issue to resolve. Salt stress induces ionic and osmotic imbalance inside plant cells. Accumulation of attuned osmolytes transduces signals to aggregate phytohormones *Corresponding author Phone: +82-53-950-5708; Fax: +82-53-958-6880; E-mail: ijlee@knu.ac.kr like abscicic acid (ABA) and salicylic acid (SA) [23, 31] . Salinity has been reported to significantly limit the growth of leguminous plants, especially soybean [19] . Chlorideinduced toxicity causes symptoms of leaf chlorosis, stunting, and biomass reduction in soybean plants [45] . Soybean contains various classes of flavonoids, especially daidzein and genistein. Flavonoids are considered as signaling molecules during endo-or ecto-mycorrhizal colonization [49] ; however, studies have shown their role as regulatory compounds during fungal association [39, 46] . Although studies have been conducted on the plant-fungus association and flavonoid biosynthesis, the effects of the endophytehost relationship under stressful situations have yet to be elucidated. Similarly, ample literature is available on salt stress in relation to phytohormonal response, whereas lesser work has been credited to understand their role in relation to endophytic fungi, especially those that produce GAs. Thus, interest has been developed to isolate and screen bioactive endophytic fungi from the roots of field-grown soybean using a GAs-pathway-deficient mutant rice cultivar, Waito-C. The bioactive strain was then analyzed for the presence of GAs in its pure culture. Endophytesoybean plants association has been assessed at two levels of salinity stress (sodium chloride, NaCl; 70 and 140 mM) to measure responses of plant growth and flavonoids (daidzein and genistein) production. Field-emission scanning electron microcopy was used to view the colonization of endophyte with host plants before and after stress treatments. The experiments were carried out to determine the endophyte fungus role in abiotic stress damage control.
MATERIALS AND METHODS

Isolation, Screening, and Identification of Endophytes
Roots were collected from field-grown soybean and washed thoroughly with tap water. The roots were consecutively treated with 1% Tween 80 solution, 1% perchloric acid, and autoclaved double-distilled water (DDW) for 5 min in a shaking incubator (120 rpm) [28] . The contaminants, rhizobacteria, and mycorrhizal fungi were removed during surface sterilization. Secondary root pieces (0.5 cm) were selected and carefully placed on Hagem medium plates (0.5% glucose, 0.05% KH , 80 ppm streptomycin, and 1.5% agar; pH 5.6±0.2) to isolate endophytes, as described by Hamayun et al.
[18] with some modification. The newly emerged fungal spots were separated under sterilized conditions and grown on potato-dextrose agar medium plates for further use and storage.
To assess the plant growth promoting/inhibiting capacity of the fungal isolates, culture filtrates were analyzed by performing screening bioassay on Waito-C rice, a gibberellin biosynthesis mutant line. It can be grown and assessed easily in sterilized hydroponic condition to know the effect of a fungal culture filtrate. Czapek culture broth (1% glucose, 1% peptone, 0.05% KCl, 0.05% MgSO (ISE Bondiro Freeze Dryer) . The pellet was used for identification of fungal isolate, while the supernatant was diluted in 1 ml of autoclaved DDW to perform the screening experiment on Waito-C rice. Waito-C seeds were surface-sterilized with 2.5% sodium hypochlorite for 30 min, rinsed with autoclaved DDW, and then incubated for 24 h with 20 ppm uniconazol to obtained equally germinated seeds. Germinated rice seedlings were transplanted to autoclaved pots containing 0.8% water-agar medium and kept in a growth chamber for further growth. After attaining the two leaves stage, 10 µl of supernatant solution of fungal CF was applied at the seedling apex. After one week of treatment, the shoot length, chlorophyll content, and shoot fresh and dry weights were recorded and compared with negative (treated with DDW) and positive (Gibberella fujikuroi) controls. The wild-type strain of G. fujikuroi KCCM12329, provided by the Korean Culture Center of Microorganisms, was used as the positive control and the same conditions of growth and treatments were used as mentioned above.
DNA Extraction and Fungal Isolate Identification
Genomic DNA isolation and PCR were performed according to an established protocol [28] . Bioactive endophytic fungal isolate was identified by sequencing the internal transcribed spacer (ITS) rDNA, using universal primers ITS-1 (5'-TCC GTA GGT GAA CCT GCG G-3') and ITS-4 (5'-TCC TCC GCT TAT TGA TAT GC-3') [47] . The BLAST search program (http://www.ncbi.nlm.nish.gov/BLAST) was used to compare the sequence homology of the nucleotide of the 18S ITS region of fungi. The closely related sequences obtained were aligned through CLUSTAL W using MEGA version 4 software [48] , and the maximum parsimony tree was constructed using the same software. The bootstrap replications (1,000) were used as a statistical support for the nodes in the phylogenetic tree.
CF Analysis for the Presence of GAs CF of bioactive endophyte, as revealed from the Waito-C screening bioassay, was grown in Czapek culture broth. After seven days, 50 ml of CF was harvested by centrifugation at 5,000 ×g at 4 o C for 15 min. GAs were extracted and quantified by following an established protocol of Lee et al. [29] and Ahmad et al. [1] . CF of bioactive endophytic fungi was chromatographed on a 3.9×300 m Bondapak C18 column (Waters Corp., Milford, MA, USA) and eluted at 1.5 ml/min with the following gradient: 0 to 5 min, isocratic 28% MeOH in 1% aqueous acetic acid; 5 to 35 min, linear gradient from 28% to 86% MeOH; 35 to 36 min, 86% to 100% MeOH; 36 to 40 min, isocratic 100% MeOH. Forty-eight fractions of 1.5 ml each were collected. The fractions were then prepared for gas chromatography/ mass spectrometry (GC/MS) with selected ion monitoring (SIM) (6890N Network GC System, and 5973 Network Mass Selective Detector; Agilent Technologies, Palo Alto, CA, USA). For each GA, 1 µl of sample was injected in a 30 m×0.25 mm i.d., 0.25 µm film thickness DB-1 capillary column (J & W Scientific Co., Folsom, CA, USA). The GC oven temperature was programmed for a 1 min hold at 60 
